Cyclical upper-limb movements involuntarily deviate from a primary movement 2 direction when the actor concurrently observes incongruent biological motion. We examined 3 whether environmental context influences such motor interference during interpersonal 4 observation-execution. Participants executed continuous horizontal arm movements while 5 observing congruent horizontal or incongruent curvilinear biological movements with or 6 without the presence of an object positioned as an obstacle or distractor. When observing a 7 curvilinear movement, an object located within the movement space became an obstacle, and 8 thus, the curvilinear trajectory was essential to reach into horizontal space. When acting as a 9 distractor, or with no object, the curvilinear trajectory was no longer essential. For observing 10 horizontal movements, objects were located at the same relative locations as in the curvilinear 11 movement condition. We found greater involuntary movement deviation when observing 12 curvilinear compared to the horizontal movements. Also, there was an influence of context 13 only when observing horizontal movements, with greater deviation exhibited in the presence 14 of a large obstacle. These findings suggest the influence of environmental context is 15 underpinned by the (mis-)matching of observed and executed actions as incongruent 16 biological motion is primarily coded via bottom-up sensorimotor processes, whilst the 17 congruent condition incorporates surrounding environmental features to modulate the 18 bottom-up sensorimotor processes.
Introduction
There is a direct link between perception and action with internal representations sub- execution interaction is frequently examined by measuring the simultaneous execution of 8 motor responses that are congruent or incongruent to an observed human stimulus (Heyes, 9 2011). For example, when continuously moving an arm in one direction (e.g., horizontal), the 10 observation of an arm movement stimulus in an incongruent direction (e.g., vertical) elicits 11 involuntary movement deviation (i.e., motor interference) toward the direction of the 12 observed stimulus (Kilner, Paulignan, & Blakemore, 2003) . This effect is referred to as motor 13 contagion (see Blakemore & Frith, 2005) . Thus, it is generally held that these involuntary 14 deviations in the incongruent/observed direction are a result of a motor "resonance" process 15 in which the response codes associated with the observed movement become active in the 16 motor system of the observer and subsequently interfere with movement execution. imitating the head action when the model's hands were free (irrational), compared to when 25 6 the hands were occupied by holding a blanket (rational). It was suggested that imitation was 1 underpinned by selective and inferential processes that evaluate the rationality of the 2 observed movement. When irrational, the observed movement is perceived as an essential 3 feature of the to-be-copied action, whereas the most efficient course of movement with 4 respect to the observed context is usually adopted (Gergely, 2007; Csibra & Gergely, 2007) . 5 Thus, when observing rational actions, the observer may down-regulate the coding of 6 stimulus-motion properties. Alternatively, it was suggested the hands-free condition of the 7 study was better imitated because it more closely resonated with the observer (Paulus, Therefore, the hands-free condition may have also accommodated greater attentional 13 resources to allow the infants to code for the observed head action. Frischen and colleagues examined how distracting objects were coded by the observer when 1 having pairs of participants take turns to move to a target presented alone or simultaneously 2 with a distractor located in the near (i.e., close to the execution) or far (i.e., close to the following the observation of movements featuring a distractor. In addition, the distractor 6 located near execution, and far from the observer, generated the slowest responses, and thus 7 reversed the typical proximity-to-hand effect. Therefore, the spatial objects pertaining to the 8 environmental context were coded by the observer, similar to if the observer themselves had 9 executed the movement. 10 We aimed to investigate the role of environmental context toward the coding of Table 1 and   21   Table 2 respectively. In addition, there was a control stimulus featuring the same model at 22 rest with a single red dot located over the upper torso.
23
Each model movement was executed with either no object, a large object (25 cm 24 height) or a small object (10 cm height) present (Figure 1 ). Both the object sizes (large/small) 25 and the location determined the perceived context of the movement. The objects were located 1 at centre and presented either as an obstacle preventing the limb from moving left to right, or 2 a distractor that had no direct influence on the model movement. For the obstacle conditions, 3 the large and small objects were held at the same ground height, and thus the large object 4 appeared closer to the moving limb than the small object. More specifically, the top of the 5 large object was located within 10 cm of the moving limb, whilst the small object was located 6 within 25 cm from the moving limb. For the distractor conditions, the large and small objects 7 were held at different ground heights so to appear within the same proximity of the moving 8 limb. That is, both the top of the small and large objects was located 40 cm from the moving 9 limb. The location of the objects was secured via an adjustable stand. Notably, the absolute 10 location of the objects was different between the horizontal and curvilinear condition, though 11 their relative location remained the same. When present, the objects were displayed 3 s prior 12 to stimulus movement onset and remained visible throughout the duration of the trial. This 13 preparatory period enabled participants to fully process the task constraints imposed on the 14 model before, as well as during, observation-execution.
16
Insert Table 1 and Table 2 There were a total of twenty-two trials for each session. There were two trials for each 8 observed stimulus condition, which were presented in random order with the caveat that no 9 single combination of movement stimulus and context could be presented on two consecutive 10 trials. To assess the potential muscular fatigue and inattention imposed by the task procedure, 11 the first and second control trials were implemented at the start and end of the testing session 12 respectively. Limited differences in the participants' movements for the control trials would 13 demonstrate little or no fatigue and/or inattention. Feldt correction was used when ɛ was greater than or equal to .75, whereas the Greenhouse-
Geisser correction was used when ɛ was less than .75. Significant main effects featuring more 17 than two means were further decomposed using the Tukey HSD post hoc procedure (p < .05). We have shown that there is a role of environmental context during interpersonal 5 observation-execution, which is modulated by the matching (or mismatching) of observed 
